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SPECIAL NOTES 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2. API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 
UNDER LOCAL, STATE OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 
ITY FOR INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE- 
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS AF- 
TER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHORING DEPART- 
MENT [TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API, 
1220 L STREET N.W., WASHINGTON, D.C. 20005. 
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FOREWORD 


API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; how- 
ever, the Institute makes no representation, warranty, or guarantee in connection with this 
publication and hereby expressly disclaims any liability or responsibility for loss or damage 
resulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to Measurement Coordination, 
Industry Services Department, American Petroleum Institute, 1220 L Street, N.W., Wash- 
ington, D.C. 20005. 
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Chapter 10—Sediment and Water 


SECTION 9—STANDARD TEST METHOD FOR WATER IN CRUDE OILS 
BY COULOMETRIC KARL FISCHER TITRATION 


10.9.1 Scope 


10.9.1.1 This test method covers the determination of 
water in the range from 0.02 to 5.0 percent in crude oils. 
Mercaptan and sulfide (S+ or H,S) sulfur are known to inter- 
fere with this test method (see 10.9.5). 


10.9.1.2 This test method can be used to determine water 
in the range of 0.005 to 0.02 percent, but the effects of the 
mercaptan and sulfide sulfur interference at these levels have 
not been determined. 


10.9.1.3 This test method is intended for use with stan- 
dard coulometric Kar} Fischer reagents. 


10.9.1.4 This standard may involve hazardous materials, 
operations, and equipment. This standard does not purport to 
address ail of the safety problems associated with its use (see 
Appendix B). It is the responsibility of the user of this 
standard to establish appropriate safety and health practices 
and determine the applicability of regulatory limitations 
prior to use. 


10.9.2 Referenced Publications 


The following standards, specifications, and publications 
are cited in this standard: 


ACGIH! 
Threshold Limit Values and Biological Exposure Indices 


API 
Manual of Petroleum Measurement Standards 
Chapter 8, “Sampling Petroleum and Petroleum 
Products” 


ASTM? 

D 1193 Specifications for Reagent Water 

D 1209 Test Method for Color of Clear Liquids 

D4057 Manual Sampling of Petroleum and Petroleum 
Products 

D4177 Automatic Sampling of Petroleum and Petro- 
leum Products 

E203 Test Method for Water Using Karl Fischer 

Reagent 


' American Conference of Governmental Industrial Hygienists, Building 
D-7, 6500 Glenway Avenue, Cincinnati, Ohio 45211. 
2 ASTM, 1916 Race Street, Philadelphia, Pennsylvania 19103. 


OSHA? 

Occupational Safety and Health Standards, 29 Code of 
Federal Regulations, Subpart Z, “Toxic and 
Hazardous Substances,” Section 1910.1000 and 
following 


10.9.3 Summary of Test Method 


10.9.3.1 After the crude oil is homogenized with a mixer, 
an aliquot is injected into the titration vessel of a coulometric 
Karl Fischer apparatus in which iodine for the Karl Fischer 
reaction is generated coulometrically at the anode. When ail 
of the water has been titrated, excess iodine is detected by an 
electrometric end point detector, and the titration is termi- 
nated. Based on the stoichiometry of the reaction, one mole 
of iodine reacts with one mole of water; thus, the quantity of 
water is proportional to the total integrated current according 
to Faraday’s Law. 


10.9.3.2 The precision of this method is critically depen- 
dent on the effectiveness of the homogenization step. The 
efficiency of the mixer used to achieve a homogeneous sam- 
ple is determined by the procedure given in Appendix A. 


10.9.3.3 This method presents two procedures for the 
direct determination of the water content of crude oils. In the 
first procedure, the mass of crude oil injected is measured, 
and the result is the weight percent of water in the crude oil. 
In the second procedure, the volume of crude oil injected is 
measured, and the result is the volume percent of water in the 
crude oil. 


10.9.4 Significance and Use 


Aknowledge of the water content of crude oil is important 
in the refining, purchase, sale, or transfer of crude oils. 


10.9.5 Interferences 


10.9.5.1 A number of substances and class of compounds 
associated with condensation or oxidation-reduction reac- 
tions interfere in the determination of water by Karl Fischer 
titration. In crude oils, the most common interferences are 
mercaptans and sulfides. At levels of less than 500 micro- 


> Occupational Safety and Health Administration, U.S. Department of 
Labor. The Code of Federal Regulations is available from the U.S. Govern- 
ment Printing Office, Washington, D.C. 20402. 
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2 CHAPTER 10—SEDIMENT AND WATER 


grams per gram (ug/g) parts per million (ppm) (as sulfur), 
the interference from these compounds is insignificant. For 
more information on substances that interfere in the determi- 
nation of water by Karl Fischer titration, see ASTM E 203. 


10.9.5.2 The significance of the mercaptan and sulfide 
interference on the Karl Fischer titration for water levels in 
the 0.005- to 0.02-percent range has not been determined 
experimentally. At these low water levels, however, the 
interference may be expected to be significant for mercaptan 
and sulfide levels of less than 500 ug/g (ppm) (as sulfur). 


10.9.6 Apparatus 


10.9.6.1 KARL FISCHER APPARATUS USING 
ELECTROMETRIC END POINT 


Presently there are available on the market a number of 
commercial automatic coulometric Karl Fischer titration 
assemblies. Instructions for operation of these devices are 
provided by the manufacturer and not described herein. 


10.9.6.2 MIXER TO HOMOGENIZE THE CRUDE 
SAMPLE 


10.9.6.2.1 A non-aerating high-speed shear mixer is re- 
quired to achieve complete homogeneity of the main sample 
prior to sub-sampling by syringe for the analysis. The mixer 
shall be capable of meeting the homogenization efficiency 
test described in Appendix A. The sample size is limited to 
that suggested by the manufacturer for the size of the mixing 
probe. 


10.9.6.2.2 Large volume dynamic mixing systems such as 
those used with automatic crude oil sampling receptacles are 
acceptable provided they comply with the principles of 
Appendix A. 


10.9.6.3 SYRINGES 


Samples are most easily added to the titration vessel by 
means of accurate glass syringes with Leur fittings and 
hypodermic needles of suitable length to dip below the 
surface of the anode solution in the cell when they are insert- 
ed through the inlet sample port septum. The bores of the 
needles used should be kept as small as possible but large 
enough to avoid problems arising from back pressure/block- 
ing while sampling. Suggested syringe sizes are as follows: 


a. 10 microliters (uL), with fixed needle, to be used im the 
calibration step (10.9.9). It should be of suitable graduations 
for readings to the nearest 0.01 UL or better. 

b. 250 UL, 500 wL, and | milliliter for crude samples. For the 
volumetric determination procedure, the syringes should be 
accurate to 1 uL, 1 wL, and 0.01 mL respectively. 


10.9.7 Reagents and Materials 


10.9.7.1 PURITY OF REAGENTS 


Reagent-grade chemicals shall be used in all tests. Unless 
otherwise indicated, it is intended that all reagents shall con- 
form to the specifications of the Committee on Analytical 
Reagents of the American Chemical Society, where such 
specifications are available. Other grades may be used, pro- 
vided it is first ascertained that the reagent is of sufficiently 
high purity to permit its use without lessening the accuracy 
of the determination. 


10.9.7.2 PURITY OF WATER 


Unless otherwise indicated, references to water shall be 
understood to mean reagent water as defined by Type IV of 
AST D 1193. 


10.9.7.3 XYLENE, REAGENT GRADE (LESS THAN 
0.05 PERCENT WATER) 


Appendix B contains general information regarding the 
physical characteristics of xylene, as well as fire, safety, and 
health considerations relating to its use. 


INFORMATION CONCERNING PARTICULAR MATE- 
RIALS AND CONDITIONS SHOULD BE OBTAINED 
FROM THE EMPLOYER, THE MANUFACTURER OR 
SUPPLIER OF THAT MATERIAL, OR THE MATERIAL 
SAFETY DATA SHEET. 


10.9.7.4 KARL FISCHER REAGENT 


Use standard commercially available reagents for coulo- 
metric Karl Fischer titrations. 


10.9.7.4.1 Anode Solution 


Mix six parts of commercial Karl Fischer anode solution 
with four parts of reagent-grade xylene. Fresh Karl Fischer 
anode solution must be used. Other proportions of anode 
solution and xylene may be suitably used and should be 
determined for a particular reagent and apparatus. 


10.9.7.4.2 Cathode Solution 


Use standard commercially available Karl Fischer cath- 
ode solution. Fresh solution must be used. 


10.9.8 Sampling and Test Samples 


10.9.8.1 Sampling is defined as all the steps required to 
obtain an aliquot representative of the contents of any pipe, 
tank, or other system and to place the sample into a container 
for analysis by a laboratory or test facility. The laboratory 
sample container and sample volume shall be of sufficient 
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dimensions and volume to allow mixing as described in 
10.9.8.4. 


10.9.8.2 Laboratory sampie is the sample of crude oil pre- 
sented to the laboratory or test facility for analysis by this test 
method. Only representative samples obtained as specified in 
ASTM D 4057 and D 4177 (API MPMS Chapter 8) shall be 
used to obtain the laboratory sample. 


Note 1: Examples of laboratory samples include bottles from a manual sam- 
pling, receptacles from automatic crude oil samplers, and storage containers 
holding a crude oil from a previous analysis. 


10.9.8.3 Test sample is the sample aliquot obtained from 
the laboratory sample for analysis by this test method. Once 
drawn, the entire portion of the test sample will be used in the 
analysis. The laboratory sample must be properly mixed as 
described in 10.9.8.4 before the test sample is drawn. 


10.9.8.4 Mix the laboratory sample of crude oil immedi- 
ately (within 15 minutes) before drawing the test sample to 
ensure complete homogeneity. Record the temperature of the 
sample in °C immediately before mixing. Mix the sample at 
room temperature (20°C to 25°C) or less in the laboratory 
sample container. The type of mixer depends on the quantity 
of crude oil in the laboratory sample container. Before any 
unknown mixer is used, the specifications for the homogeni- 
zation test, Appendix A, must be met. The mixer must be 
reevaluated when there are any changes in the type of crude, 
the volume of crude in the container, the shape of the con- 
tainer, or the mixing conditions (such as mixing speed and 
time of mixing). 


10.9.8.5 For small laboratory sample containers and 
volumes, 50 to 500 milliliters, a non-aerating high-speed 
shear mixer is required. Use the mixing time, mixing speed, 
and height of the mixer probe above the bottom of the 
container found to be satisfactory in Appendix A. For larger 
containers and volumes, appropriate mixing conditions must 
be defined by following a set of procedures similar to those 
outlined in Appendix A and D 4177 but modified for appli- 
cation to the larger containers and volumes. Clean and dry 
the mixer between samples. 


10.9.8.6 Record the temperature of the sample in °C 
immediately after homogenization. The rise in temperature 
between this reading and the initial reading taken prior to 
mixing (10.9.8.4) should not exceed 10°C; otherwise, loss of 
water may Occur or the emulsion may become unstable. 


10.9.8.7 The test sample size is selected as indicated in 
Table 1 based on the expected water content. 


Table 1—Test Sample Size Based on Expected 


Water Content 
Expected Water Sample Size pig Water 
Content, % g ormL Titrated 
0.02 -0.1 1.0 200 — 1000 
0.1-0.5 0.5 500 — 2500 
0.5 -5.0 0.25 1250 - 12,500 


Note 2: If the concentration of water in the sample is completely unknown, 
it is advisable to start with a small trial portion of sample to avoid excessive 
titration time and depletion of the reagents. Further adjustment of the aliquot 
size may then be made as necessary. 


10.9.9 Preparation of Apparatus 


10.9.9.1 Follow the manufacturer’s directions for prepa- 
ration and operation of the titration apparatus. 


10.9.9.2 Seal all joints and connections to the vessel to 
prevent atmospheric moisture from entering the apparatus. 


10.9.9.3 Add to the anode (outer) compartment the mix- 
ture of xylene and Karl Fischer anode solution that has been 
found suitable for the particular reagent and apparatus being 
used. Add the solutions to the level recommended by the 
manufacturer. 


10.9.9.4 Add to the cathode (inner) compartment the Karl 
Fischer cathode solution to a level 2-3 millimeters below the 
level of the solution in the anode compartment. 


10.9.9.5 Turn on the apparatus and start the magnetic stir- 
rer for a smooth stirring action. Allow the residual moisture 
in the titration vessel to be titrated until the end point is 
reached. Do not proceed beyond this stage until the back- 
ground current (or background titration rate) is constant and 
less than the maximum recommended by the manufacturer 
of the instrument. 


Note 3: High background current for a prolonged period may be due to 
moisture on the inside walls of the titration vessel. Gentle shaking of the 
vessel (or more vigorous stirring action) will wash the inside with elec- 
trolyte, Keep the titrator on to allow stabilization to a low background 
current. 


10.9.10 Standardization 


In principle, standardization is not necessary since the 
water titrated is a direct function of the coulombs of electric- 
ity consumed. However, reagent performance deteriorates 
with use and must be regularly monitored by accurately 
injecting 10 lg of pure water. Suggested intervals are initial- 
ly with fresh reagent and then after every 10 determinations. 
If the result is outside 10,000 + 200 Ug, replace both the 
anode and cathode solutions. 
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10.9.11 Procedure for Mass 
Determination of Sample Size 


10.9.11.1 Add fresh solvents to the anode and cathode 
compartments of the titration vessel and bring the solvents to 
end-point conditions as described in 10.9.9. 


10.9.11.2 Add an aliquot of the crude oil to the titration 
vessel immediately after the mixing step described in 
10.9.8.4 using the following method. 


10.9.11.2.1 With a clean, dry syringe of suitable capacity 
(see Table 1 and Note 2), withdraw at least three portions of 
the sample and discard to waste. Immediately withdraw a 
further portion of sample, clean the needle with a paper 
tissue, and weigh the syringe and contents to the nearest 
0.1 milligram (mg). Insert the needle through the inlet port 
septum, start the titration, and with the tip of the needle just 
below the liquid surface, inject the sample. Withdraw the 
syringe, wipe the needle with a clean tissue, and reweigh the 
syringe to the nearest 0.1 mg. After the end point is reached, 
record from the digital readout on the instrument the micro- 
grams of water titrated. 


10.9.11.2.2 When the background current or titration rate 
returns to a stable reading at the end of the titration as 
discussed in 10.9.9.5, additional samples may be added in 
accordance with 10.9.11.2.1. 


10.9.11.3 Replace the solutions when one of the follow- 
ing occurs and then repeat the preparation of the apparatus as 
described in 10.9.9. 


a. Background current is persistently high and unstable. 

b. Phase separation occurs in the anode compartment, or 
crude oil is coating the electrodes. 

c. Total crude content added to the titration vessel exceeds 
one quarter of the volume of solution in the anode compart- 
ment. 

d. Solutions in the titration vessel are more than 1 week old. 
e. The instrument displays error messages that directly or 
indirectly suggest replacement of the electrolytes (see instru- 
ment operating manual). 

f. The result of a 10 UL injection of water is outside 10,000 
+ 200 pg. 


10.9.11.4 Thoroughly clean the anode and cathode com- 
partments with xylene if the vessel becomes contaminated 
with crude. Never use acetone or similar ketones. Clogging 
of the frit separating the vessel compartments will also cause 
instrument malfunction. 


10.9.11.5 For viscous crudes, add the sample to a clean, 
dry dropper bottle and weigh the bottle and crude. Quickly 
transfer the required amount of sample to the titration vessel 
with the dropper. Reweigh the bottle. Titrate the sample as in 
10.9.11.2. 


10.9.12 Procedure for Volumetric 
Determination of Sample Size 


10.9.12.1 This procedure is applicable only when condi- 
tions warrant, that is, when the vapor pressure and viscosity 
of the crude oil permit an accurate determination of the vol- 
ume of the crude oil. Viscous crudes may prove to be difficult 
to accurately measure with a syringe. 


10.9.12.2 The presence of gas bubbles in the syringe can 
be a source of interference. The tendency of the crude to 
form gas bubbles is a function of crude type and correspond- 
ing vapor pressure. Additional care is required in filling the 
syringe to reduce the formation of gas bubbles. 


10.9.12.3 The referee procedure for determination of 
water in crude oil by coulometric Karl Fischer titration is the 
mass measurement of the crude oil (10.9.11). 


10.9.12.4 The basic steps are the same as those for the 
mass determination (10.9.11), with the following exception. 
With a clean, dry syringe of suitable capacity (see Table 1 
and Note 2), withdraw at least three portions of sample and 
discard to waste. Immediately withdraw a further portion of 
sample, expel any gas in the syringe, clean the needle with a 
paper tissue, and record the volume of the syringe to the 
nearest 1 or 10 uwL as appropriate (see 10.9.6.3, Item b). 
Insert the needle through the inlet port septum, start the titra- 
tion, and with the tip of the needle just below the liquid 
surface, inject the entire contents of the syringe. After the 
endpoint is reached, record from the digital readout on the 
instrument the micrograms of water titrated. 


10.9.13 Calculations 


10.9.13.1 Calculate the water content of a mass sample as 
follows: 
Ww 
Water, mass percent = 10, 000 XW; 


Where: 


W, = mass of water titrated, Lg. 
W, = mass of sample used, g. 


10.9.13.2 Calculate the water content of a volume sample 


as follows: 
1 Vy 
Water, v Hee 
ater, volume percen L aT 


Where: 


V, = volume of water titrated, UL (same as the ug of 
water reported by the coulometric titrator). 
V, = volume of sample used, mL. 
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10.9.14 Report 


10.9.14.1 For a mass sample, report the water content to 
the nearest 0.01 mass percent. 


10.9.14.2 For a volume sample, report the water content 
to the nearest 0.01 volume percent. 


10.9.15 Precision and Bias 


10.9.15.1 PRECISION 


The precision of this test method as determined by the 
statistical examination of interlaboratory test results is as 
follows: 


10.9.15.1.1 Repeatability 


The difference between successive results obtained by the 
same operator with the same apparatus under constant oper- 
ating conditions on identical test material would, in the long 
run, in the normal and correct operation of the test method, 
exceed the following values only in one case in twenty (see 
Table 2). 


10.9.15.1.1.1 For a mass sample, 


r= 0.040 (X74) 
Where: 
X = sample mean from 0.005 to 5 mass.percent. 


10.9.15.1.1.2 Fora volume sample, 


r = 0.056 (X79) 
Where: 
X = sample mean from 0.005 to 5 volume percent. 


10.9.15.1.2 Reproducibility 


The difference between two single and independent 
results obtained by different operators working in different 
laboratories on identical test material would, in the long run, 
exceed the following values in one case in twenty (see 
Table 2). 


10.9.15.1.2.1 For a mass sample, 
R=0.105 (X74) 


Where: 
X = sample mean from 0.005 to 5 mass percent. 


10.9.15.1.2.2 For a volume sample, 


R = 0.112 (X79) 
Where: 
X = sample mean from 0.005 to 5 volume percent. 


10.9.15.2 BIAS 


10.9.15.2.1 No significant difference was found between 
the average water content obtained by this test method and 
the expected water content (based on the amount of added 
water) for the crude oil samples analyzed in the round robin 
used to evaluate the precision of this test method. 


10.9.15.2.2 The interference from mercaptan sulfur 
follows the theoretical stoichiometry of 1 to 0.28: that is, 
1000 yg/g (ppm) of mercaptan sulfur can generate a 
response equivalent to 280 g/g (ppm) (about 0.03 mass per- 
cent) water by this test method. The validity of correcting 
measured water contents for known mercaptan/sulfide levels 
has not been determined. 


Table 2—Precision Intervals 


% Water Repeatability (r) Reproducibility (R) 
(Mass or Volume) Mass = Volume Mass Volume 
0.02 0.003 0.004 0.008 0.008 
0.05 0.005 0.008 0.014 0.015 
0.1 0.01 0.01 0.02 0.02 
0.3 0.02 0.03 0.05 0.05 
0.5 0.03 0.04 0.07 0.07 
0.7 0.03 0.04 0.08 0,09 
1.0 0.04 0.06 0.11 0.11 
1.5 0.05 0.07 0.14 0.15 
2.0 0.06 0.09 0.17 0.18 
2.5 0.07 0.10 0.19 0.21 
3.0 0.08 0.12 0.22 0.23 
3.5 0.09 0.13 0.24 0.26 
4.0 0.10 0.14 0.26 0.28 
4.5 0.11 0.15 0,29 0.31 
5.0 0.12 0.16 0.31 0.33 
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APPENDIX A—HOMOGENIZATION EFFICIENCY OF UNKNOWN MIXER 


(Mandatory Information) 


1. The homogenization efficiency of each unknown mixer 
must be evaluated before use. To evaluate the mixer’s effi- 
ciency, confirm that the expected water can be obtained by 
Karl Fischer titration following the addition of a known 
amount of water to a normally “dry” crude and the homoge- 
nization of this mixture. This procedure for checking the 
homogenization efficiency of a mixer is based upon the use 
of about a 500 milliliter sample container; however, a similar 
procedure must be followed for the different sample sizes 
that may be received in a particular laboratory. 


2. Weigh the 500 milliliter sample container to the nearest 
0.01 gram. Fill the container to about 80 percent with the dry 
crude (jess than 0.1 percent). Insert the mixer shaft into the 
container so that the head is about 5 millimeters from the 
container bottom. Homogenize the contents of the container 
at 80 percent power for two minutes, take the test aliquot of 
the resulting emulsion, and determine its water content in 
duplicate (see 10.9.11.2.1). Obtain the average of the dupli- 
cate results. 


3. Weigh the crude and the container to the nearest 
0.01 gram. Record the temperature of the oil to the nearest 
1°C. Immerse the mixer into the crude as in Paragraph 2. 
Knowing the weight of the crude, add enough water using a 
grade A pipette to raise the water content about 4 to 5 percent 
above the base level found in Paragraph 2. Homogenize the 
oil and water at 80 percent power for two minutes. Record 
the temperature of the emulsion immediately after homoge- 
nization. The rise in temperature during homogenization 
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should not exceed 10°C; otherwise, loss of water may occur, 
and the emulsion may destabilize. Determine the water con- 
tent of the crude immediately after mixing. Sample the crude 
just below the liquid level. 


4. Without additionally mixing the crude, determine the 
water content of the crude 15 and 30 minutes after the initial 
mixing in Paragraph 3. 


5. The water contents (added plus inherent) of these three 
portions must agree within 0.10 percent absolute of each 
other and within 0.10 percent of the calculated water content 
{that is, added and inherent). If they do not agree, then the 
homogenization must be repeated on fresh portions of crude 
and water in a clean container while the power mixing time 
or the height of the mixer shaft or a combination thereof is 
changed until the chosen conditions result in a mixture that 
yields the required agreement. These conditions of power 
mixing time and depth of immersion of the mixer shaft 
should then be used for all subsequent mixings. 


6. The mixing conditions should be evaluated for all new 
crudes and repeated periodically for known crudes spiked 
with water to 4 to 5 weight percent to ensure that the condi- 
tions remain effective. 


7. This procedure may not be effective for crudes with 
abnormally low or high viscosities at room temperature. 
These crudes may require special treatment to obtain stable 
water-in-crude emulsions. 
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APPENDIX B—PRECAUTIONARY INFORMATION 


B.1 Physical Characteristics and Fire 
Considerations 


INFORMATION REGARDING PARTICULAR MATERI- 
ALS AND CONDITIONS SHOULD BE OBTAINED 
FROM THE EMPLOYER, THE MANUFACTURER OR 
SUPPLIER OF THAT MATERIAL, OR THE MATERIAL 
SAFETY DATA SHEET. 


XYLENE The typical characteristics of xylene are a mini- 
mum flash point of 27°C (81°F), an ignition temperature of 
527°C (982°F), a boiling point of 139°C (282°F), an upper 
flammability limit of 7.0 percent by volume, a lower flam- 
mability limit of 1.1 percent by volume, a molecular weight 
of 106, an APHA color of not more than ten (per ASTM 
D 1209), a boiling range of 137-144°C (279-291°F), and a 
0.002 percent residue after evaporation. Xylene passes the 
ACS test for substances darkened by H,S. 


WARNING: Xylene is flammable and should be kept away 
from heat, sparks, or open flame. Xylene containers should 
be kept closed when they are not in use. Fires should be ex- 
tinguished with water spray, foam, dry chemical, or carbon 
dioxide. Spills should be soaked with clay, diatomaceous 
earth, or a similar material. 


B.2 Safety and Health Considerations 
B.2.1_ GENERAL CONSIDERATIONS 


Potential health effects that result from chemical exposure 
depend on the chemical concentration and the length of 
exposure. Everyone should minimize exposure to chemicals. 
The following general precautions are suggested: 


a. Minimize skin and eye contact and breathing of vapors. 
b. Keep chemicals away from the mouth, since they can be 
harmful or fatal if swallowed or aspirated. 
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c. Keep chemical containers closed when they are not in use. 
d. Keep work areas well ventilated and as clean as possible. 
e. Promptly clean up spills in accordance with pertinent 
safety, health, and environmental regulations. 
f. Observe established exposure limits and use proper 
protective clothing and equipment. 
Note: For permissible exposure limits (PELs), consult the most recent edi- 
tion of the Occupational Safety and Health Standards, 29 Code of Federal 
Regulations, Subpart Z, “Toxic and Hazardous Substances,” Section 
1910.1000 and following. 

Also consult the most recent edition of the ACGIH booklet Threshold 


Limit Values and Biological Exposure Indices. (See 10.9.2 for complete 
reference information.) 


B.2.2 XYLENE 


Health effects may result from exposure to xylene through 
contact with the skin and eyes, breathing of vapors, swallow- 
ing, or aspiration. Xylene exhibits local irritant properties 
that may be manifested by dermatitis of the skin; stinging of 
the eyes, nose, or throat; or respiratory irritation. Acute 
exposure to xylene may result in adverse systemic effects 
including effects on the central nervous, cardiovascular, 
respiratory, or gastrointestinal systems. Symptoms of acute 
systemic effects may include headache, fatigue, disturbed 
vision, dizziness, confusion, numbness of the hands and feet, 
heart palpitations, anorexia, and gastrointestinal or respira- 
tory difficulties. Significant overexposure may lead to coma 
and death. 

There may also be long-term (chronic) health effects of 
varying severity from exposure to xylene. 


INFORMATION CONCERNING SAFETY AND HEALTH 
RISKS AND PROPER PRECAUTIONS WITH RESPECT 
TO PARTICULAR MATERIALS AND CONDITIONS 
SHOULD BE OBTAINED FROM THE EMPLOYER, THE 
MANUFACTURER OR SUPPLIER OF THAT MATE- 
RIAL, OR THE MATERIAL SAFETY DATA SHEET. 
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Order No. 852-30210 
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American Petroleum Institute 
1220 L Street, Northwest 


Washington, D.C. 20005 I ) 
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